and Drosophila RSK, which is the most related kinase this process. In order to achieve equal levels of exto JIL-1 next to the human MSKs. Whereas JIL-1 is 63% pression of genes on the X chromosome, a 2-fold hyperidentical in KDI to MSK1, it is only 47% identical to transcription of the male's single X chromosome occurs Drosophila RSK. In KDII, JIL-1 is 32% and 28% identical relative to the female's two X chromosomes and the to the second kinase domain in MSK1 and Drosophila autosomes (Lucchesi and Manning, 1987). This increased RSK, respectively, a level of shared residues reflecting transcriptional activity correlates with a more diffuse the general level of conserved features among kinase chromosome structure, such that despite the fact that it domains. Compared to these other tandem kinases, contains half the DNA content, the male X chromosome JIL-1 shows extended NH 2 -and COOH-terminal doappears to be the same width as the paired female X mains. To further determine the evolutionary relationship chromosomes and the autosomes (Gorman and Baker, between JIL-1 and other protein kinases, we constructed 1994). In this study, we have identified a novel tandem phylogenetic trees based on maximum parsimony (data kinase, JIL-1, which localizes to chromosomes throughnot shown). The phylogenetic analysis indicates that out the cell cycle and which is present at nearly 2-fold JIL-1 is grouped with 95% bootstrap support with huhigher levels on the male X chromosome as compared man MSK1 and MSK2 in a monophyletic clade that is to autosomes. distinct from the RSK, S6, and RAC kinase families and their Drosophila homologs. Consequently, these data Results suggest that JIL-1 is the Drosophila representative of a novel tandem serine/threonine kinase family, which it Molecular Cloning and Characterization of JIL-1 defines together with MSK1 and MSK2. Interestingly, The mAb2A, which was previously shown to exhibit a this phylogenetic analysis also suggests that the S6 dynamic nuclear staining pattern (Johansen, 1996; Jokinases, which are single-domain kinases, may have evolved from tandem kinases by a deletion of the second
Control immunoprecipitations using preimmune sera were performed simultaneously (data not shown). Autoradiographs of gel-fractionated kinase assays done with immunoprecipitated JIL-1 revealed a labeled band mi-JIL-1 Is a Functional Kinase that Phosphorylates Histone H3 In Vitro grating at the same position as JIL-1, as detected by immunoblot analysis ( Figure 2B ). These results demonIn order to further characterize the JIL-1 protein, new JIL-1-specific polyclonal antibodies were generated strate that JIL-1 possesses an inherent kinase activity and is able to autophosphorylate in an in vitro kinase against a ␤-galactosidase JIL-1 fusion protein (Odin antiserum) as well as a GST-JIL-1 fusion protein (Hope assay. Histone H3 phosphorylation has been shown to correantiserum) in rabbits. On immunoblots of embryo protein extracts (0-6 hr), both the Odin and Hope antisera detect late with activation of gene expression (Mahadevan et al., 1991; Barratt et al., 1994) as well as chromatin con-JIL-1 protein as a doublet or triplet of bands migrating at approximately 150-160 kDa (Figure 2A ). However, densation during mitosis (Wei et al., 1999) . We therefore tested whether the nuclear JIL-1 kinase could phosphorposttranslational modifications of JIL-1 may be developmentally regulated, as JIL-1 protein from later developylate bovine histone H3 in vitro. The bovine histone H3 NH 2 -terminal tail is identical to that of its Drosophila mental stages and in the S2 cell line was detected as a single band by the antisera (data not shown).
homolog except that alanine 31 is substituted for a proline. Kinase assays with either JIL-1-or preimmune antiMany kinases have been shown to be regulated by autophosphorylation. To address whether JIL-1 ensera immunoprecipitation were performed as above but with 15 g of histone H3 included in the reaction. Samcodes an active kinase and to determine whether JIL-1 could potentially regulate its activity by autophosphoryples were fractionated by SDS-PAGE, Coomassie blue stained, and autoradiographed ( Figure 2C ). Whereas no lation, we immunoaffinity purified JIL-1 protein from S2 cell tissue culture extracts and tested the purified JIL-1 phosphorylation was observed in the control preimmune immunoprecipitation assay, histone H3 in the JIL-1 improtein in an in vitro kinase assay. Immunoprecipitates were incubated in a kinase reaction buffer with 10 Ci munoprecipitation reaction showed clear labeling after In order to better characterize JIL-1's apparent chromosomal localization, we analyzed its distribution pattern glands, were dissected and imaged live in physiological saline using confocal microscopy. In all tissue examin confocal images of larval polytene chromosomes. Chromosomal squashes prepared from salivary glands ined, JIL-1-GFP was detectable at high levels in the nucleus approximately 4 hr after heat shock induction.
of climbing third instar larvae were stained with JIL-1 antisera and double-labeled with Hoechst to visualize An example of this is illustrated in Figure 3C , which shows a projection image of ten confocal sections of the DNA. It has previously been shown that Hoechst staining is brightest in the condensed banded regions two ovarian egg chambers. The JIL-1-GFP fusion protein rinse with distilled water, the preparations were mounted in 90% plasmid was purified and injected into w; ⌬2-3/TM2Ubx embryos glycerol containing 0.5% n-propyl gallate. using standard techniques (Roberts, 1986) , and 14 transgenic lines For imaging of JIL-1-GFP in living tissues, imaginal discs and were recovered. GFP-tagged JIL-1 driven by the hs83 promoter is ovaries were dissected and mounted in physiological saline. For expressed at low levels at room temperature; however, for maximal observation of JIL-1-GFP in developing embryos, embryos were expression levels, transgenic flies were heat shocked 30 min daily collected on apple juice plates at 1 hr intervals, aged for 1 hr at room at 37ЊC for 3-4 days prior to experiments. To further enhance JILtemperature, and manually dechorionated. Dechorionated embryos 1-GFP fluorescence levels, a homozygous JIL-1-GFP transgenic were then mounted on slides with a drop of light halocarbon oil. The stock was constructed in a Df(3L)vin5 heterozygous background embryos were examined immediately by laser scanning confocal that removes one copy of the endogenous JIL-1 gene (Y. J., unpubmicroscopy. lished data).
Confocal Microscopy Antibody Generation
Confocal microscopy was performed with a Leica confocal TCS NT Two regions from the COOH-terminal region of JIL-1 were subcloned microscope system equipped with separate Argon-UV, Argon, and using standard techniques (Sambrook et al., 1989) 
into the ␤-gal
Krypton lasers and the appropriate filter sets for Hoechst, GFP, fusion protein expression vector pUR288 to generate the construct FITC, and TRITC imaging. A separate series of confocal images 288B1 encoding residues 928-1132, and into pGEX4T-3 (Pharmacia) for each fluorophor of double-labeled preparations was obtained to generate the construct pGEXFI encoding residues 886-1013. The simultaneously with z intervals of typically 0.5 m. An average procorrect orientation and reading frame of the inserts were verified jection image for each of the image stacks was obtained using by sequencing. Purified fusion proteins were used to generate polythe NIH-Image software. These were subsequently imported into clonal antibodies in rabbits. Rabbits Tor and Odin were injected Photoshop where they were pseudocolored, image processed, and with 200 g of 288B1, and rabbits Hope I and Hope II were injected merged. During live imaging of JIL-1-GFP transgenic embryos, a with pGEXFI and then boosted at 21-day intervals, as described time lapse series of images was obtained with 20 s intervals and in Harlow and Lane (1988) . Affinity purification of antibodies was made into Quicktime movies. Stereo pairs of images of live JIL-1-performed using positive and negative affinity columns made by GFP polytene nuclei at Ϫ7.2 and ϩ7.2 degree angles, respectively, coupling 1 g of CNBr-activated Sepharose 4B (Pharmacia) to 5 mg were generated using the Leica TCS 3-D reconstruction software. of the appropriate protein as per the manufacturer's instructions.
Quantification of Polytene Chromosome Antibody Labeling Western Blot Analysis
For quantitation of the relative levels of antibody staining of X chroProtein extracts were prepared from dechorionated embryos homosomes and autosomes, confocal images of polytene chromomogenized in lysis buffer (0.137 M NaCl, 20 mM Tris [pH 8.0], 10% some squashes were analyzed using the NIH-Image software. In glycerol, 1% NP40). Protease inhibitors were routinely added to the these images, the gray scale was adjusted such that only a few homogenization buffers. Proteins were separated on SDS-PAGE pixels were saturated by using the glowover feature of the Leica gels, transferred to nitrocellulose, incubated with JIL-1 antibody TCS acquisition software. In NIH-Image, the area of each X chromoovernight, washed in TBS (0.9% NaCl, 100 mM Tris [pH 7.5]), incusome and the autosomes were traced using the outline tool, and bated with HRP-conjugated goat anti-rabbit antibody (1:3000) (Biothe average pixel value was determined. This analysis assumes that Rad) for 2.5 hr, and washed in TBS, and the antibody complex was the relative area of band and interband regions is roughly the same visualized by incubation in 0.2 mg/ml DAB/0.03% H 2 O 2 /0.0008% for the X chromosome as for the autosomes (this assumption was NiCl 2 in TBS.
verified for female X chromosomes and autosomes; see Results). The staining intensity of the autosomes for the male and female JIL-1 Kinase Assays preparations, respectively, was averaged and normalized to a value 1 ϫ 10 6 Schneider-2 cells were lysed in ip (immunoprecipitation) of one and compared to the average pixel intensity for the X chromobuffer (20 mM Tris 8.0/150 mM NaCl/1 mM EDTA/1 mM EGTA/0.2% somes using a Student's t-test. NP-40/0.2% Triton X-100) containing 2 mM Na 3 VO 4 and protease inhibitors and clarified by centrifugation. The lysate was precleared by incubating with 5 l preimmune rabbit serum at 4ЊC for 2 hr Acknowledgments followed by addition of 25 l protein G-Sepharose (Sigma) for 1 hr. The sample was spun at 3000 rpm and the cleared lysate supernaWe wish to thank Drs. Linda Ambrosio and Jack Girton for advice, discussion, and for providing the pCaSpeR vectors and the w; ⌬2-3/ tant collected and incubated for 2 hr at 4ЊC with either 5 l 
